T he life of a hospitalized septic patient continues to be seriously threatened despite the increasing sophistication of current standard intensive care procedures implemented throughout developed countries. In the United States alone, sepsis accounts for ϳ9% of the overall annual mortality (1, 2) with 44 deaths per 100,000 population (3). In-hospital mortality is especially prominent among the elderly, reaching 29% in severely septic patients (1) . The substantial mortality and increasing economic costs propel sepsis research toward a better understanding of its basic immunity to devise more effective therapeutical approaches.
To date, the majority of all phase III clinical trials aiming to block the activity of leading inflammatory cytokines such as TNF (4 -6) or IL-1 (7, 8) failed to deliver the anticipated results. Retrospective statistical analyses of both preclinical studies (9) and human clinical trials (10) implied that anti-inflammatory interventions may be potentially successful when targeting patients with an increased risk of death. Several studies demonstrated that the levels of circulating cytokines such as IL-6 highly correlate with outcome in the early phase of sepsis both in humans (11) (12) (13) and mice (14 -18) , making stratification of the patient population more realistic.
The novel design of the Monoclonal Anti-TNF: A Random Controlled Sepsis (MONARCS) trial capitalized on acute sepsis studies, showing a modest albeit significant reduction in 28-day allcause mortality after patients were treated with anti-TNF Ab when their initial IL-6 plasma level was elevated (19) . The rationale of prospective anti-inflammatory intervention based on defined biomarkers appears to be a promising long-term direction in the therapy of acute sepsis. The current modes of treatment in sepsis are designed to target the early sepsis hyperinflammatory phase, which is characterized by excessive production of proinflammatory mediators and termed the systemic inflammatory response syndrome (SIRS) 3 (20, 21) . Such an approach, however, fails to focus on the disease period when SIRS is thought to be followed by the development of the compensatory anti-inflammatory response (hypoinflammatory phase) syndrome (CARS). It is clear that sepsis-related deaths are not restricted solely to the early phase of the disease, but whether chronic-phase deaths are preceded by any common biomarker that may serve as an indicator of impending mortality has not yet been investigated. Clinical trials show that patient lethality during the chronic phase of sepsis remains frequent (4 -8, 10, 19, 22) . Late mortality is also observed in murine polymicrobial peritonitis, the most adequate animal model of sepsis to date (14, 15, (23) (24) (25) (26) . The late deaths only became apparent, however, when animals were followed for extended time period (up to 28 days).
We investigated the prelethal immunoinflammatory fluctuations encountered in the late phase of sepsis by profiling the protein expression of circulating inflammatory cytokines. The data suggest a bimodal immunoinflammatory response in chronic sepsis; late deaths were preceded by the overexpression of both proinflammatory as well as anti-inflammatory cytokines, albeit at much lower levels and with more heterogeneity in comparison to the response observed in acute sepsis. In the current study we also show that predictions of late-phase sepsis mortality based on plasma biomarkers can be highly accurate.
Materials and Methods

Animals
Female ICR outbred mice (Harlan Sprague Dawley) with an average weight of 22 g were used. The mice were acclimated to the laboratory environment for at least 48 h before surgery and housed in a temperaturecontrolled room with a 12-h light/12-h dark diurnal cycle after the procedure. All experiments were conducted in accordance with guidelines of the National Institutes of Health (Bethesda, MD) and the University of Michigan Animal Care and Use Committee (Ann Arbor, MI).
Sepsis model
The experiment investigated the inflammatory response of chronic (days 6 -28; n ϭ 83) sepsis. To ensure adequate reproducibility, surgeries were performed on separate groups of mice. The model of cecal ligation and puncture (CLP) closely emulates the polymicrobial sepsis occurring in the human population and has been widely accepted and used by other investigators to study the immunopathology of sepsis (15, (27) (28) (29) (30) . We used an 18-gauge needle to obtain ϳ50% mortality during the early phase of sepsis (days 1-5). The original CLP protocol was followed (31) and previously described modifications were implemented (27) .
Sampling
All animals that survived the period of acute sepsis (days 1-5) were sampled between days 6 and 28. Mice were not sacrificed at the time of sampling and blood was collected when an animal appeared ill (based on weight loss and physical activity). For comparison, two healthy-appearing mice who also underwent CLP and were at the same postoperative day were simultaneously sampled. To collect peripheral blood, the distal tail was clipped (ϳ2 mm) and a 20 l of blood was drawn into a pipette rinsed with EDTA (169 mM tripotassium salt). Only samples from animals that died within 24 h after blood collection (and from matching healthy mice) were analyzed. Overall, 14 dying mice (of 20 total) were sampled providing 14 triplets (one moribund plus two healthy) collected in the chronic phase of sepsis. Fig. 1 shows the temporal distribution of sampled animals. All samples were immediately diluted 1/10 in PBS with a 1/50 dilution of EDTA and centrifuged (5 min at 1000 ϫ g at 4°C), and the plasma was removed and stored at Ϫ20°C until analysis.
Microarray immunoassay
We used a recently validated microarray immunoassay methodology with a capacity to simultaneously measure 16 mouse cytokines (32) . The microarray immunoassay technique features nitrocellulose pads (affixed to glass slides) for Ab spotting and biotin-conjugated Abs for target detection. The microarray immunoassay was performed using standard spotting equipment and fluorescence slide readers as detailed elsewhere (32) .
Western blotting
High mobility group box 1 (HMGB-1) levels were measured by Western immunoblotting analysis as described previously (33) . In brief, serum samples (25 l) were fractionated by SDS/PAGE, transferred to a polyvinylidene difluoride immunoblot membrane (Bio-Rad), and probed first with the primary anti-HMGB-1 serum (rabbit, 5 g/ml) and then with the secondary Ab (donkey; 1/5000 dilution). Polyclonal anti-HMGB-1 IgG was purified by using protein agarose according to the manufacturer's instructions (Pierce). Western blots were scanned (Silverscanner II; LaCie), and the relative band intensity was quantified with the graph-digitizing software UN-SCAN-IT 5.1 (Silk Scientific). The levels of HMGB-1 were determined by reference to standard curves generated with purified HMGB-1.
Statistical analysis
The Kaplan-Meier 28 day-survival curve ( Fig. 1 ) was plotted using Prism 4 (GraphPad Software). To increase the statistical power for the body weight calculations (Figs. 2B and 3) , a larger set of animals was used; additional measurements were added to the original group (n ϭ 83), supplementing both acute (71 values total) and chronic (33 values total) sepsis data sets. Supplementary data points were collected during two separate studies from animals subjected to a CLP protocol identical with the one presented here. Body weight data sets (Figs. 2 and 3) were expressed as the mean Ϯ SEM and analyzed using the Student's t test. Significance was assigned where p Ͻ 0.05. Cytokine levels recorded in a chronic sepsis experiment (Figs. 4 -7) are represented by bars. Each individual bar represents a single animal, either moribund (within 24 h of death) or healthy (matching animal post-CLP day). A total of 14 triplet sets (one moribund and two healthy) representing the mortality recorded on different days in the late phase of sepsis (day 6 -28) are presented. The receiver operating characteristic (ROC) curve was used to evaluate the prognostic accuracy (defined by the area under the curve (AUC)) of the analyzed cytokines and determine the sensitivity and specificity (percentage) at selected cutoff values (Table I ). The 95% confidence intervals for the AUC values were estimated using the conservative bootstrap bias-corrected and accelerated (Bca) method to obtain more accurate intervals (34, 35) . The accuracy of the ROC-AUC test is rated as follows: 0.9 -1, excellent; 0.8 -0.9, good; 0.7-0.8, fair; 0.6 -0.7, poor; and Ͻ0.6, not useful. The p values listed in Figs. 4 -7 (upper panels) indicate the statistical significance ( p Ͻ 0.05) of the scoring system. All statistical analyses were performed using SAS release 9.1.2 on Windows (copyright 2002 and 2003 by SAS). Cytokine levels below the limit of detection were assigned a value that was equal to one-half of the lower limit of detection in the standard curve. a Alive, n ϭ 28; dead, n ϭ 14. b Cutoff and sensitivity/specificity were not listed when AUC Ͻ 0.7 (except for HMBG-1).
c A decrease, not an increase, of HMBG-1 was correlated with mortality.
Results
Late mortality after CLP-dependent sepsis
To generate a more diversified profile of immune responses that would more closely simulate the immunoinflammatory fluctuations occurring in the human population, the genetically heterogeneous ICR outbred strain of mice was used in the study. A total of 83 ( Fig. 1 ) mice were subjected to CLP on day 1 and monitored for 28 days. It has been postulated that the early post-CLP mortality is primarily caused by excessive inflammation (SIRS), whereas the late mortality is predominantly associated with CARS-dependent immunosuppression (21, 36) . Given the late sepsis lethality as the focal point of this study, we separated the early mortality (early deaths, days 1-5) from the chronic phase deaths occurring between day 6 and day 28. Such separation has been prompted by a number of recent observations: 1) the excellent prognostic (mortality vs survival) capacity of various inflammatory mediators in early sepsis becomes insignificant by day 5 post-CLP (14); and 2) the prelethal body weight changes occur in bimodal fashion depending on the phase (acute vs chronic) of sepsis (15, 23, 37) . The current study shows the following distribution of death: early mortality (days 1-5) reached 53% (or 23 of 43 of total deaths; Fig. 1 ), whereas the late mortality (days 6 -28) was 47% (or 20 of 43) of total deaths.
Changes in body weight during the early and late sepsis
As an initial endpoint, the effects of sepsis on the general physical condition was evaluated by daily monitoring of the body weight changes in both nonsurvivors and survivors throughout the entire course of the study (days 1-28). Additional weight measurements were used to generate Figs. 2B and 3 (see statistical analysis). We previously reported that there is a distinct body change pattern characterizing the early sepsis mortality, with all of the mice dying in the acute phase of sepsis having a notable weight gain compared with the weight loss observed in survivors (23, 38) .
The findings of the current study show a similar trend of initial weight loss (up to day 6) in all surviving animals due to the combined stress of surgery and infection, followed by a rebound in body weight during recovery ( Fig. 2A) . Conversely, all of the mice that died during the first few days after CLP either gained weight (day 2 post-CLP) or lost less weight compared with survivors before death (Fig. 2B) . Additionally, Fig. 2B emphasizes that by day 5 there was no longer a difference in the weight change between the survivors and nonsurvivors. This simple and unsophisticated measurement can be a powerful and accurate copredictor of outcome in acute polymicrobial sepsis (15) .
This prelethal weight gain during first 5 days of acute sepsis is reversed in the late (days 6 -28) phase of sepsis. To illustrate this dynamic, the weight of dying mice was graphed on the basis of days before death regardless of the actual day of demise. Consequently, the data are presented relative to the day of death rather than to the post-CLP day. The body weight changes of survivors (displayed in Fig. 3) were determined over the same 5-day time period as the respective nonsurvivors (two survivors per each dying mouse). Nearly all mice (26 of 31) that died between days 6 and 28 lost weight over the 24-h period before death (Fig. 3) . Additionally, the disparity between body weight changes between dying animals and their recovering counterparts was already significant 3 days before death. Coupling the current findings with similar data from our recent publication (23) , it becomes clear that the prelethal body weight changes exhibit two opposite patterns contingent upon the phase of sepsis in which they occur. Whereas in early sepsis the rapid loss of weight is associated with the high probability of survival, it becomes a marker of imminent death in the late phase of sepsis (days 6 -28). Such contrasting phenomena FIGURE 1. Twenty-eight day mortality after CLP-induced sepsis. CLP was performed (n ϭ 83) with an 18-gauge needle to produce ϳ50% mortality. Mortality was monitored for 28 days and the deaths were separated into two groups: early (days 1-5) or late (days 6 -28). Plasma was sampled only in the chronic phase of sepsis from animals that appeared moribund based on weight loss, activity, and temperature. Every sampling of a moribund animal was simultaneously accompanied by the sampling of two healthy-appearing mice at the same post-CLP day for reference values.
There was a total of 20 deaths recorded between days 6 -28 (20 of 42) and 14 of these animals were sampled together with matching reference animals (healthy-appearing post-CLP mice) producing 14 triplets (two healthy and one moribund). Dotted lines indicate the days on which sampled mice died. All 14 samples from the moribund mice were obtained within 24 h of death.
FIGURE 2.
Body weight (BW) during the acute phase of sepsis. A, Among surviving mice there is a rapid decline in body weight during the first 5 days post-CLP that reverses about day 6 or 7 with subsequent continuous weight gain up to day 28. B, Mice dying within the first 5 days of CLP-induced sepsis either gain, remain stable, or loose negligible weight in comparison to the dramatic weight loss recorded in survivors. Each value is the mean Ϯ SEM. ‫,ء‬ p Ͻ 0.05 alive vs dead. Data in B: alive mice, n ϭ 81 each day; dead mice, n ϭ 40 on day 2, n ϭ 7 on day 3; n ϭ 10 on day 4, and n ϭ 6 on days 5 and 6. are suggestive that the mechanisms leading to early death are substantially different from those causing late mortality.
Prelethal levels of the HMGB-1 late-response cytokine in chronic sepsis
The proinflammatory cytokine HMGB-1 was recently identified as a late-phase mediator of lethal systemic inflammation (33) , and inhibition of its release and/or activity markedly improved survival in the CLP model of sepsis (39, 40) . The reported unique delayed mode of HMGB-1 release could translate into a potential therapeutic target for the treatment of sepsis. However, this phenomenon was reported solely with regard to the first 3 days after the initiation of endotoxemia or CLP-dependent sepsis (33, 39, 40) . Our definition of the late phase of sepsis (days 6 -28) is substantially longer than the original description of the late phase (after 1 day). To establish whether a similar trend of HMGB-1 release is also present in late sepsis, we examined its plasma concentration in animals dying in the chronic phase (days 6 -28) of disease (Fig.  4) . The comparison of circulating HMGB-1 between moribund and healthy animals revealed heterogeneity in its prelethal concentrations (Fig. 4B) . In three moribund mice (days 7 and 11) the HMGB-1 level markedly surpassed that noted in matching healthy animals, whereas in the other 11 nonsurvivors the HMGB-1 concentration was generally lower (below the detection limit in four mice) when compared with respective healthy mice (Fig. 4C) . Our findings clearly contrast the robust prelethal increase of HMGB-1 in either murine acute endotoxemia (33) or CLP-related peritonitis (40) reported in the original publications. These results further define the role of HMGB-1 as an indicator of infection severity, suggesting that its response to lethal sepsis is not uniform and may vary depending on the phase of the disease (acute vs chronic).
Prelethal levels of proinflammatory cytokines in chronic sepsis
In both clinical and experimental settings, deaths during chronic sepsis may exceed those observed in the acute phase of the disease. To gain additional insight into the relationships of various mediator changes before late mortality, we examined the prelethal levels of major circulating proinflammatory and antiinflammatory cytokines in mice dying of chronic sepsis and compared them with healthy post-CLP animals.
The dogma of the SIRS-to-CARS transition implies different inflammatory responses in the early (proinflammatory) and late (antiinflammatory) sepsis deaths. Mice dying in the chronic phase of sepsis should have low to undetectable levels of proinflammatory mediators. The profiles of inflammatory cytokines during the chronic sepsis contradict the hypothesized CARS-like response. Prelethal plasma levels of IL-6 (Fig. 5A) , TNF-␣ (Fig. 5B) , MIP-2 (Fig. 6A) , and MCP-1 (Fig. 6B ) recorded in 14 septic nonsurvivors revealed high levels of these mediators. Within 24 h before death there were sharp increases in the plasma levels of several proinflammatory cytokines, although these responses were not uniform for all mediators. In contrast to the acute sepsis deaths, the plasma levels of IL-6 became elevated in only five of 14 nonsurviving mice (36%), and in one of 23 healthy mice (Fig. 5A) . We observed this phenomenon of IL-6 elevation only in some mice before chronic mortality in our recent study, where IL-6 peaked in 59% of septic nonsurvivors and was undetectable in the remaining 41% (23) . Given the outstanding correlation of plasma IL-6 with mortality in acute sepsis deaths, the dichotomy of the prelethal response exhibited by IL-6 in late deaths merits further investigation.
Other proinflammatory cytokines exhibited a more uniform response; TNF-␣ elevation preceded mortality in nine of 14 animals (64%) but was only detected in four healthy animals (Fig. 5B) . The MIP-2 ( Fig. 6A ) and MCP-1 (Fig. 6B) prelethal response was even more robust and uniform where plasma levels rose immediately before death in 10 of 14 mice (71%) for MIP-2 and 12 of 14 (86%) for MCP-1. Whereas only one healthy mouse displayed an elevation of MIP-2, there were nine mice with increased levels of MCP-1. These results indicate that, similar to the early deaths, in some mice late mortality is also preceded by significant production of proinflammatory cytokines.
Prelethal levels of anti-inflammatory cytokines in chronic sepsis
From the perspective of plasma cytokines, the proposed classification of CARS is based upon elevated levels of several key antiinflammatory mediators such as IL-1 receptor antagonist (IL-1ra), IL-10, and soluble TNF receptor type I (TNF-SRI) and II (TNF-SRII) (20, 21) . Analysis of the plasma concentrations of these biomarkers in the late deaths showed both similarities and differences compared with the anti-inflammatory response in the early phase of sepsis. This diversity of the anti-inflammatory response parallels that observed in the proinflammatory reaction, i.e., it shares similarities but it is not identical. High prelethal levels of IL-1ra (Fig. 7A ) and TNF-SRI (Fig. 7B) showed an excellent correlation with the outcome, but TNF-SRII and IL-10 did not become elevated before death (graphs not shown). The robust prelethal release of IL-1ra occurred in 13 animals, whereas TNF-SRI rose in 12 mice. The prelethal IL-1ra plasma concentrations were far greater than those observed in healthy post-CLP animals. Despite a rather modest prelethal increase of TNF-SRI (compared with IL-1ra), the uniformly low expression of this cytokine inhibitor in healthy animals produces a highly significant difference between healthy and moribund animals (Fig. 7B) . Interestingly, in three of 14 animals the late deaths (e.g., day 8, 21, and 25) were not preceded by a significant increase in biomarker expression, either proinflammatory or anti-inflammatory. In total, the inflammatory response preceding late sepsis mortality is far more heterogeneous compared with the one seen in the acute sepsis (14) . Although late sepsis deaths also feature the simultaneous release of both proinflammatory and anti-inflammatory mediators, lower cytokine concentrations and a more limited number of cytokine alterations are observed. 
Outcome based on weight/cytokine/inhibitor profiles before death in chronic sepsis
In the clinical situation it is often difficult to mark with certainty the time point when a patient becomes septic. In contrast, the time of death is unambiguous. Yet the majority of relevant experimental data uses the onset of sepsis as a reference point. Such analysis is favored because it is technically simplistic and undeniably valuable by helping to define the natural course of the disease process. However, it fundamentally fails to reveal the immunoinflammatory changes occurring shortly before death. Our cytokine data and weight changes were therefore analyzed using the time of death rather than the onset of sepsis as the reference point. Such an approach gives invaluable insight into the prelethal changes of inflammatory plasma markers that can be translated into prospective biomarkers of subsequent mortality.
Because the mortality was widely spread throughout the 6 -28 day period (Fig. 1) , we combined all data into moribund and healthy categories regardless of the day of death. This analysis was performed to determine whether cytokine values and body weight changes 24 h before death would predict subsequent mortality during the chronic phase of sepsis. The diagnostic utility of these cytokine values, as a measure of diagnostic accuracy for each potential predictor, was expressed by the area under the curve (AUC; analyzed with ROC curve method) and graphed in Fig. 8 . The complete evaluation for the body weight changes and each cytokine value, including the ROC-generated AUC with confidence intervals and sensitivity/specificity at given cutoff values, is listed in Table I . The selected cytokine concentrations offer the optimal balance between sensitivity and specificity and can be modified to improve either parameter.
Several unexpected observations were apparent after this analysis. First, either antiinflammatory markers or proinflammatory markers were good predictors of outcome ( Fig. 8 ; Table I ). Second, not all mediators that showed high correlation with early deaths, as reported in our recent study (14) , retained their prognostic power for late mortality. This was especially evident in the case of IL-6. Despite its exceptional prognostic capacity (AUC Ͼ 0.9) for outcome in acute septic deaths (14, 15) , IL-6 failed to be a good predictor of mortality in chronic sepsis (AUC of 0.66; Fig. 8 and Table I ). The dramatic prelethal (24 h prior) TNF accuracy that was so apparent in the early sepsis (AUC Ͼ 0.9) was markedly diminished before late deaths (AUC ϭ 0.77).
This same observation was true for some anti-inflammatory cytokines where the late mortality prediction capacity of TNF-SRII (AUC ϭ 0.58) or IL-10 (AUC of 0.70) was substantially less impressive (early AUC of 0.81 and 0.78, respectively). Table II lists all cytokines for which correlation with the outcome in the late sepsis remained poor (i.e., AUC Ͻ 0.6).
Discussion
The severity of sepsis varies greatly among afflicted patients. In some patients the sepsis-induced immunoinflammatory response may be relatively self-limited whereas in others it may be excessive, leading to impaired perfusion/hypotension, organ dysfunction, and subsequent septic shock and death (41) . This multifaceted disease process is further complicated by fluctuations of the immunoinflammatory response during the course of the disease; mild inflammatory status on admission day may become excessive a week later and vice versa. Studies focusing on the progression and treatment of chronic sepsis may be equally important as those investigating the acute phase of the disease in terms of their impact upon long-term patient outcome. Applying our subjective separation of chronic sepsis occurring after day 5 to some of the recent phase III immunotherapy trials, the total number of late deaths (days 6 -28) actually surpassed the combined mortality within the initial 5 days (4 -6, 19) . Despite the increased mortality in the late phase of sepsis, there is little experimental effort to prove the widely accepted dogma of the linear SIRS-to-CARS transition (20, 21, 36) . In our recent article we showed that the cytokine-based inflammatory response in the early phase of murine sepsis exhibits features of the mixed anti-inflammatory response syndrome (MARS) rather than SIRS (14) . The current data show that the immunoinflammatory response in the chronic phase of sepsis was both similar and different from the one seen in acute sepsis. Numerous deaths occurring in the late phase of sepsis were preceded by spikes of proinflammatory biomarkers in plasma, in distinct violation of the hypoinflammatory definition of CARS. Interestingly, only selected proinflammatory cytokines were elevated before death. Whereas we noted rather consistent increases of MIP-2 or TNF-␣, there were only few prelethal spikes of IL-6 in the current data and in a previous study (23) . We encountered a similar pattern of response for anti-inflammatory mediators, which in some cases were excellent (IL-1ra and TNF-SRI; all AUC Ͼ 0.9) predictors of outcome. Other anti-inflammatory cytokines (e.g., TNF-SRII and IL-10) were only selectively elevated before death. These data clearly show that several cytokines that accurately predict death during the acute phase of sepsis fail to predict mortality in the chronic phase (14, 15, 17, 18) .
Identified as a late mediator of systemic inflammation by Wang et al. (33) , HMGB-1 offered a new, wider window of opportunity for immunotherapy in sepsis. Septic nonsurvivors had notably higher early HMGB-1 serum levels compared with patients who survived (33) , and delayed inhibition (up to 24 h post-CLP) of HMGB-1 activity dramatically improved survival in the acute model of murine peritonitis (39, 40) . Our current data concerning the chronic phase of sepsis show that the circulating levels of HMGB-1 are typically not increased. In fact, a decrease in HMGB-1 correlates with mortality. Interestingly, similar results were reported in a recent human study in which HMGB-1 plasma levels (measured up to day 6) were markedly lower in septic patients who died compared with survivors (42) . It is possible that a similar trend in the HMGB-1 plasma level would have been observed in the original study (40) had the animals been followed for more days as in the present experiment.
The murine CLP model features important similarities to human abdominal sepsis (17, 23, 43) that endotoxin-based models lack (44) and as such provides useful information regarding the natural history of this disease in human patients. Based on our recent (14, 23) and current data it is necessary to revisit, at least in context of sepsis, the concept of a proinflammatory vs an anti-inflammatory response. Given the prelethal MARS-like profiles in both early and late sepsis, the concept of hyperinflammation and hypoinflammation may be better ascertained by the capacity of an organism to respond rather then by the presence of individual mediators in plasma and/or exudative fluids. The data reported here support this concept because all increases, whether for circulating proinflammatory or anti-inflammatory cytokines, were much lower compared with the prelethal elevations in acute sepsis. In some instances these differences were up to 10-fold. Our data unveiled another provocative observation, specifically that a significant number of mice dying in the chronic phase of sepsis had virtually no increases in the prelethal expression of inflammatory mediators whether proinflammatory or anti-inflammatory. This suggests that the hypothesized SIRS-to-CARS transition is not linear as postulated but constantly fluctuates between hyper-responsiveness and hyporesponsiveness. Consequently, any extreme in the direction of either hyperinflammation or immunosuppression would be equally lethal. It needs to be stressed that a simple measurement of circulating cytokines, regardless of how many are measured, cannot serve as a definite assessment of the individual inflammatory response (proinflammatory vs anti-inflammatory). Given that late CARS immunosuppression is also defined by the functional defects in peritoneal/splenic macrophages (45) (46) (47) and MHC class II expression (48, 49) , additional studies of the cellular component are required to support the suggested hypothesis that immunosuppression primarily consists of the failure of macrophages to respond to stimuli. Our previous findings showed that macrophages from moribund mice (chronic sepsis) stimulated by TLR 2 and 4 agonists released less IL-6 compared with cells isolated from matching healthy mice (23) .
Given such an array of possible alterations in the immune response, it is likely that the successful treatment of a septic patient should be based on the day-to-day assessment of the inflammatory status. A survivor whose grave hyperinflammatory response was successfully blunted in the initial phase of sepsis may need an immunoinflammatory stimulation to survive in the chronic phase of the disease.
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